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POLYMER CUG SYSTEM 

This is a division, of application Ser. No. 347,985, 
?led Apr. 4, 1973 now US. Pat. No.‘ 3,907,623. 

BACKGROUND OF THE INVENTION 

This invention relates to systems for curing polymers 
or other curable materials. More speci?cally, this inven 
tion relates to unique systems for curing various materi 
als, particularly polymers by contacting them with a 
microporous ?lm charged with a curing agent. 
Polymer curing is a technique which is well-known 

and understood in the art. Basically, it may be said that 
polymer curing is the phenomenon of converting a 
generally two-dimensional or non-crosslinked polymer 
chain into a three dimensional or crosslinked polymer 
chain or molecule. The crosslinking or curing of an 
uncured polymer affects many of its basic properties, 
such as strength, toughness, heat resistance, extrudabil 
ity, moldability, ?exibility, adhesiveness, chemical resis 
tance, dielectric characteristics, and the like. Thus, the 
phenomenon of curing is an extremely important indus 
trial technique. 
The curing of any given polymer is usually achieved 

by one of two basic techniques. The ?rst technique is 
usually referred to as a thermal or heat-curing process. 
As the name implies, this technique provides for simply 
heating a polymer system, whereupon, due to the selec 
tion of initial ingredients, a polymer chain of the system 
crosslinks with other polymer chains in the system to 
effect a three-dimensional molecule or polymer. 
The second technique requires the addition of a cur 

ing agent to the system. This curing agent may be in the 
form of a coupling or additive agent, i.e., where the 
agent itself forms a part of the cross-linkage, or it may 
merely be a catalyst (or accelerator) which initiates an 
auto-crosslinking among the two-dimensional chains. 
Very often the above two techniques are combined so 
as to achieve an even more favorable curing process. 
The ability to cure particular polymers has opened wide 
vistas for the polymer chemist and the polymer industry 
as a whole since it has enabled polymers to be effec 
tively used in such widely diversi?ed ?elds as adhe 
sives, protective coatings, reinforcements, molded arti 
cles, extruded articles, casting and plastic tooling, ther 
mal insulation, chemical insulation, and the like. 
Of special interest to the polymer industry had been 

the relatively recent development of certain polymers 
known as “epoxy resins.” Epoxy resins are now well 
known in the industry and are commonly formed by 
reacting epichlorohydrin with bisphenol A (4,4-iso 
propylidene diphenol). Recently other hydrins and 
polyols have been developed and used as substitutes for 
the above ingredients to obtain various selected proper 
ties. For example, various aliphatic glycols and novolac 
resins may be used in place of the bisphenol. The use of 
novolac resins generally increases the heat resistance of 
an epoxy resin. Furthermore, various additives and 
modi?ers have been developed and may be added to the 
basic epoxy resins to vary their properties. Such addi 
tives and modi?ers are well-known in the art. For exam 
ple, epoxy-phenolic resin systems exhibit extreme hard 
ness and chemical resistance while blends of epoxy 
resins with various nylons exhibit extremely good 
shear-strength characteristics. 

It may generally be stated that epoxy resins are cur 
able materials which achieve their best characteristics 
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2 
and thus are most useful when cured. Although certain 
of these resins can theoretically be cured by the addition 
of heat alone, the most useful epoxy resins require the 
addition of a curing agent either with or without heat to 
effect a useful amount of crosslinking. The curing 
agents used are well-known in the art and may be di 
vided into four basic groups: (1) amine type, (2) acidic 
type, (3) aldehyde condensation products, and (4) 
Lewis acid catalysts. Examples of amine type curing 
agents are aliphatic and aromatic amines, polyamides, 
tertiary amines, and amine adducts. Acid type curing 
agents include both acids and acid anhydrides, while the 
aldehyde condensation products generally envisioned 
are the phenol-, urea-, and melamineformaldehyde res 
ins. The Lewis acid catalysts usually take the form of 
complexes such as the complex of boron trifluoride with 
various amines such as piperidine or monoethylamine. 
Of particular interest in the epoxy resin industry has 

been the ability of various epoxy resins and epoxy resin 
systems to form extremely strong adhesive bonds upon 
curing. The adhesive properties of these resins when 
cured have been found so good that they have been 
used in metal-to-metal, glass-to-glass, and wood-to 
wood bonding as well as in printed circuits and body 
solders. In some instances, epoxy adhesives have re 
placed brazing and soldering in the metal-to-metal 
bonding area. 

Acceptability of epoxy resins in the adhesive art 
stems from various unique properties exhibited by these 
resins. For example, they are stronger than phenolic 
resins; they are virtually 100 percent reactive with no 
volatiles evolved during cure; they have excellent ?ow 
characteristics and require only slight pressure to force 
suf?cient adhering contact; and they are suitable for a 
wide variety of environments since a great number of 
curing agents are available for them and a great number 
of modifiers are compatible with them. 
One of the drawbacks to epoxy resin adhesive sys 

tems which has heretofore troubled the art, is the need 
for a “two-package” system. That is to say, heretofore, 
in order to bond two substrates together, a curing agent 
and an uncured epoxy resin system, each provided in 
separate containers, had to be mixed just prior to bond 
ing and applied as a mixture to the interface of the sur 
faces of be bonded. The need to premix and apply the 
resin curing agent system before signi?cant curing or 
cross-linking has occurred is a de?nite detriment since it 
removes a degree of ?exibility from the bonding pro 
cess. Such a detriment is especially acute when using 
the commercially desirable epoxy resin systems which 
cure rapidly. 

Microporous ?lms containing a plurality of discrete 
open voids are generally well-known in the art. Al 
though these ?lms may be made from a variety of well 
known materials, they are generally made from natural 
or synthetic polymeric materials. The voids formed 
therein have generally been used for various purposes 
such as to lend opacity to the ?lm, to hold a printing dye 
or dye intermediate for manifold use, to effect a slow 
release of perfumes, to act as an ion membrane fuel cell 
or to act as a semi-permeable coating. 
One known method of making microporous open 

void ?lms as above described is to dissolve a thermo 
plastic, water-insoluble polymer and a linear polypolar 
polymer into a single common polar organic solvent. 
The solution is then applied as a ?lm to a substrate and 
contacted with water for a period of time suf?cient to 
displace the organic solvent from the ?lm. After treat 
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ment with water the ?lm is dried until substantially all 
the water is removed. The resulting ?lm is microporous 
and contains a plurality of discrete, open voids capable 
of being charged with a variety of substances. 
Another known method of making microprous ?lms 

is to prepare an aqueous dispersion of a polymer and a 
water-soluble organic solvent for the polymer which 
boils above 100° C. and which is present in a concentra 
tion that is insufficient to dissolve the polymer. This 
dispersed mixture is then coated on a substrate as a ?lm 
and a substantial amount of the water is removed by 
evaporation below 100° C. until partial coalescence of 
the polymer occurs as indicated by substantial clari?ca 
tion with tackiness. This tacky ?lm is then washed with 
water or another liquid in which the polymer is insolu 
ble but which dissolves the solvent for the polymer, to 
produce a coherent ?lm substantially free from dis 
solved polymer and organic solvent. After this wash 
with water, etc., the ?lm is dried at a temperature below 
its softening point. Such a ?lm is found to contain a 
plurality of discrete open voids. 
Although the above-disclosed prior art techniques do 

provide microporous ?lms, superior microporous ?lms 
containing a plurality of discrete open voids and capa 
ble of being charged with various materials may be 
made by the technique disclosed in Applicant’s U.S. 
Pat. No. 3,544,489, the entire disclosure of which is 
incorporated herein by reference. Basically, this tech 
nique comprises forming a ?lm of the composition com 
prising (a) a thermosetting resin and (b) a solvent 
extractable thermoplastic resin, which resins are at least 
partially compatible, and subsequently curing the ther 
mosetting resin, such as by heating. Upon curing of the 
thermosetting resin, the thermoplastic resin forms min 
ute, discrete particles in the thermoset resin matrix. The 
thermoplastic resin is then extracted from the ?lm such 
as by means of a suitable solvent for the thermoplastic. 
There is thus obtained an opaque chargeable ?lm of the 
thermoset resin which is substantially continuous and 
contains a large number of discrete, open voids. 

SUMMARY OF THE INVENTION 

This invention provides a novel ?lm and technique 
for curing polymers. This invention further provides a 
novel bonding system for adhering two or more sub 
strates together. 

This invention also provides a novel ?lm, bonding 
system, and a coating and curing technique which elimi 
nates the need to mix a curing agent with a resin (e. g., an 
epoxy resin system) from a two-package system at the 
time of application. 
The novel ?lm provided by this invention is a micro 

porous ?lm capable of being formed upon a substrate 
and containing discrete open voids having located 
therein a curing agent for a selected curable polymer or 
polymer system. By contacting the curable polymer 
with the open void ?lm containing a curing agent 
therein, the polymer is cured, eiher with or without 
heating depending upon the polymer and curing agent 
chosen. 
The novel bonding system and technique provided by 

this invention comprises forming the above-described 
novel ?lm on a surface to be bonded to another sub 
strate or surface, then locating between the surfaces to 
be bonded, a polymer, such as an epoxy resin or a butyl 
ated melamine-formaldehyde resin which will form an 
adhesive bond between the two surfaces when cured. 
When the curable polymer is brought into contact with 
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4. 
the ?lm, the polymer is cured and an adhesive bonding 
of the two surfaces is effected. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE presented is a greatly enlarged cross 
sectional illustration of one type of novel ?lm of this 
invention used in an epoxy resin bonding system 
wherein the two surfaces or substrates are glass. 

‘DETAILED DESCRIPTION OF THE 
INVENTION 

Basically, the novel ?lm provided by this invention is 
a ?lm which contains a plurality of open, discrete voids 
having located therein a curing agent for a selected 
curable material, such as a polymer or polymer system. 
Although the ?lm may be formed from a wide variety 

of naturally-occurring and synthetic materials, gener 
ally speaking polymeric materials are preferred. Such 
polymeric materials are well-known in the art and in 
clude both natural and synthetic polymers, either alone 
or admixed with various ?llers, plasticizers, coalescers, 
dyes, pigments, and the like. The polymers may be 
thermoplastic or thermosetting. If thermosetting they 
may be heat-curable, agent-curable, or require both heat 
and a curing agent to cure them. Some examples of 
naturally-occurring materials, some of which are poly 
meric, are casein, bentonite (a clay which swells in 
water); alpha protein, shellac, gelatin, animal glue, so 
dium silicate, and natural rubber. Examples of applica 
ble synthetic polymers, both thermoplastic and thermo 
setting, are found in applicant’s US. Pat. No. 3,544,489. 
As will hereinafter be discussed, a preferred group of 

synthetic polymers for the purposes of this invention 
are the well-known epoxy resins such as those obtained 
by the combination of bisphenol A and epichlorohydrin 
in combination with a curing agent such as ethylene _ 
diamine. The epoxy resins contemplated also include 
the well-known epoxylated-drying oils, the glycidyl 
ethers of glycerol, epoxylated novolac resins, etc., as 
well as including various mixtures of epoxy resins and ' 
other resins or modi?ers to form an epoxy resin system. 

Films which are microporous and which have a plu 
rality of discrete open voids located therewithin may be 
made in a number of ways. For example, the prior art 
techniques hereinbefore discussed and generally dis 
closed in US. Pat. Nos. 2,848,752; 2,957,791; and 
3,216,882 may be used to form microporous ?lms which 
are capable of being charged with a curing agent ac 
cording to the teachings of this invention. 
Although these prior art techniques have proved 

useful in the practice of this invention, the technique 
disclosed in US. Pat. No. 3,544,489 is preferred over 
the prior art techniques because of its many advantages. 
This technique, generally described as‘a thermoplastic 
solvent extraction technique, basically comprises apply 
ing as a ?lm to a substrate, a composition comprising (a) 
a thermosetting resin and (b) a solvent-extractable ther 
moplastic resin, which resins are at least partially com 
patible, and subsequently curing the thermosetting 
resin, such as by heating. Upon curing of the thermoset 
ting resin, the thermoplastic resin forms minute, discrete 
particles in the thermoset resin matrix. The thermoplas 
tic resin is then extracted from the ?lm, such as by 
means of a suitable solvent for the thermoplastic resin. 
There is thus obtained an opaque ?lm of the thermoset 
resin. The ?lm is continuous and contains a large num 
ber of open voids. 
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The leaching or extracting of the thermoplastic resin 
from the matrix of the cured thermosetting resin may be 
done by various convenient techniques, as for example 
by immersion. The length of time the coating is con 
tacted with the solvent is not critical so long as it is 
suf?cient to extract the thermoplastic resin. It is pre 
ferred that at least 75 percent of weight of the thermo 
plastic resin contents present in the matrix be extracted. 
It is also preferred that the amount of thermoplastic 
resin which is extracted be at least about 10 percent by 
total weight of the ?lm before extraction. These 
amounts are in no way critical, however, since the only 
limitation on the amount of thermoplastic extracted is 
that it be sufficient to provide a suf?cient number of ‘ 
voids so that the» ?lm can be charged with enough cur 
ing agent to effect a cure of a selected polymer. Gener 
ally, the ?lm is contacted with the solvent for from 1 to 
20 minutes and, preferably, for about 2 minutes at room 
temperature. The ?lm is then dried to remove the resid 
ual solvent to thereby form a microporous film of the 
thermoset resin which contains a plurality of discrete 
open voids capable of being charged with a-polymer 
curing agent. 
The compatible " thermosetting and thermoplastic 

resins may be mixed together in a variety of ways. For ' 
example, they may be mixed in a liquid vehicle or 
formed into a homogeneous mixture of ?nely-divided 
particles of the two resins. In the former instance, the 
mixture may be applied as a ?lm to a substrate as by 
brushing, dipping, roller coating, knife coating, etc. The 
?lm is then air-dried to remove a portion of the liquid 
vehicle and it is then cured as by heating to crosslink the 
thermosetting resin. In the'latter instance, the mixture 
may be applied as a powder coating to a substrate. The 
mixture of powdered resins is then heated to form a melt 
of the two resins and to cure the thermosetting resin. 
The minute, discrete particles of thermoplastic resin 
which are thereby formed in the thermoset resin matrix 
are then extracted therefrom as previously described to 
obtain a microporous ?lm. 
The ?lms. produced by the practice of this technique 

are characterized by the presence therein of a large 
number of minute, discrete voids which render the 
?lms, before being charged with a curing agent, sub 
stantially pure white. The voids in the films may be 
substantially globular in shape or threadlike (i.e., having 
substantially greater length than diameter). The average 
diameter of the voids is usually less than about 1.0 mi 
cron. The lengths of the threadlike voids are generally 
less than about} microns. 

Regardless of the technique used to obtain a micropo 
rous ?lm, such a ?lm only becomes useful for the pur 
poses of this invention when its voids are charged or 
loaded with a curing agent for a selected polymer that 
is to be cured. 
Charging or loading the above-described ?lms (i.e., 

its voids) may be done in a number of ways as, for exam 
ple, by brushing, spraying, or dipping the ?lms with or 
into a liquid containing a curing agent. The term “a 
curing agent” is used in this invention in its broadest 
sense in that it is a term used to de?ne hardeners, cata 
lysts (including accelerators) and additive agents. A 
curing agent may be a single curing agent or a mixture 
of a curing agent with other curing agents, modi?ers, 
and/or the like. The curing agents cure or harden the 
polymers or reactive materials herein by crosslinking, 

- polymerizing, catalyizing, accelerating, or the like. 
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Curing agents are well-known in the ‘art and may 

exist either as liquids or solids at room temprature. If the 
curing agent or mixtures thereof used are liquids of 
suf?ciently low viscosities so as to be capable of di 
rectly charging the open voids of a ?lm, the ?lm may be 
sprayed or brushed, etc., with these agents without the 
need for liquid vehicles. In instances where the curing 
agents are solids or viscous liquids, they may be dis 
persed or dissolved in suitable liquid vehicles which 
may then be sprayed or otherwise introduced into the 
voids of the film. The vehicle may be removed by evap 
oration if desired or left in the ?lm. One simple method 
which generally achieves adequate loading of the ?lms 
of this invention is by dipping the ?lm into a solution of 
a curing agent for from about about 1 to about 25 min 
utes. 
The microporous ?lms formed by the above 

described technique in US. Pat. No. 3,544,489 provide 
a unique manner of indicating when they are charged. 
As disclosed in this above-cited application, the ?lms 

_ formed are opaque and almost pure white once the 
thermoplastic resin has been removed due to empty 
voids therein. Upon charging or loading of these voids 
with a curingagent in liquid solution, or dispersion 
vform, the ?lms tend to return to a transparent or translu 
cent state. Thus, when ?lms made by this technique are 
used, they are charged either by brushing, spraying, 
dipping, etc., for a suf?cient period of time to render 
them transparent or translucent, i.e., until they ap 
proach the degree of light transmittance that the ?lms 
exhibited prior to the extraction of the thermoplastic 
resin. Examples of various therrnosetting and at least 
partially-compatible thermoplastic resins are well docu 
ment in the above-cited United States patent, and in 
clude admixtures of interpolymers, of hydroxyl esters of 
ethylenically unsaturated acids with at least one other 
polymerizable ethylenically unsaturated monomer and 
a crosslinking agent such as an aminoplast resin; alkyd 
resins; phenoplast resins; carboxylic acid amides inter 
polymers; cellulose derivatives; copolymers of acrylates 
and the like. 

It is understood, of course, that a ?lm need not be on 
the substrate when charged since in many instances the 
microporous ?lms may be stripped from the substrate 
upon which they were formed in a known manner to be 
used as a ?lm alone. Such a ?lm obviously is bene?cial 
since it is easier to handle and more easily chargeable, 
especially when using the dipping technique. 
The choice of curing agent will depend upon the 

polymer to be cured. Generally speaking, curing agents 
or, de?ned another way, cross-linking agents, encom 
pass a wide range of chemical compounds. Curing 
agents, whether they be catalysts (crosslinking accelera 
tors) or agents which actually enter into the three-di 
mensional polymer chain, are well-known in the art. 
The choice of a given curing agent is therefore well 
within the ingenuity of the skilled artisan once given the 
polymer to be cured. 
Whether attached to a substrate or existing alone, the 

charged ?lms constitute one embodiment of this inven 
tion and become useful in the general technique of our 
ing polymers. The curing of a particular polymer or 
polymer system may be effected by simply contacting 
the film with an uncured polymer. In certain instances 
the polymer, if provided in the form of a liquid or paste 
like substance, will actually tend to migrate into the 
voids and thus come into intimate contact with a large 
amount of the curing agent. This migration technique is 
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especially useful when using curing agents that actually 
enter into the crosslinking reaction and the ?nal three 
dimensional polymer (i.e., coupling or additive agents). 
In other instances, migration is neither effected nor 
necessary, as, for example, when the curing agent used 
is a crosslinking catalyst and the curable polymer is 
semi-rigid or semi-solid. In these latter instances it is 
often helpful to use a liquid curing agent of low viscos 
ity so that upon contacting the curable polymer with 
the charged ?lm, gravity and/ or agitation will cause the 
curing agent to flow into contact with the polymer. 
The actual mechanics of curing a polymer may be 

carried out in a variety of ways depending upon the 
environment, form and shape of the ?lm and polymer 
system. For example, if the polymer to be cured is a 
protective thermosetting polymer coating on a struc 
ture such as an automobile, home appliance, etc., it may 
be cured by covering the structure with a cloth of asbes 
tos or other fabric which has coated thereon a ?lm of 
this invention which has been charged by dipping the 
coated cloth into a bath of a suitable curing agent. The 
cloth may'then be weighted down, if necessary, and the 
structure subjected to heat (in the case of heat-curable 
polymers) for a suf?cient period of time to cure the 
polymer thereon. The cloth is then removed and may be 
recharged for use on another structure. 

Curable materials which may be cured in the manner 
of this invention are well-known in the art and generally 
comprise those polymers or polymer-forming materials 
known to require a curing agent in order to be cross 
linked. Some examples of these curable polymers are 
admixtures of interpolymers of hydroxyl esters of ethyl 
enically unsaturated acids with at least one other poly 
merizable, ethylenically-unsaturated monomer. Such 
polymers may be crosslinked by using a polyisocyanate, 
such as toluene diisocyanate, as a curing agent. Other 
curable materials in combination with catalysts, curing 
agent or crosslinking agent include alkyl acrylate or 
methacrylate monomers such as methyl methacrylate 
and the like in combination with benzoyl peroxide, 
N,N-dimethylaminotoluidine; styrene/polyester-benz 
oyl; ~SH compounds plus a free radical amine catal or 
an allyl radical; silicones with an amine catal; divinyl 
ethers in the presence of a Lewis acid; di or polyamines, 
diols or polyols plus isocyanates and the like. 
Examples of monomer systems used to produce these 

interpolymers are those containing hydroxyalkyl esters 
in which the alkyl group has up to about 12 carbon 
atoms, as for example, esters of acrylic acid and meth 
acrylic acid esters of glycol and 1,2-propylene glycol, 
i.e., hydroxyethyl acrylate and methacrylate, and hy 
droxypropyl acrylate and methacrylate. Combinations 
of these esters may also be used. 
Examples of monomers with which the hydroxyalkyl 

ester is interpolymerized include any ethylenic com 
pound copolymerizable with the ester, the polymeriza 
tion taking place through the ethylenically-unsaturated 
linkages. These include such monomers as styrene, 1,3 
butadiene, 2-chlorobutene, alpha-methylstyrene, alpha 
chlorostyrene, 2-chloro-l,3-butadiene, and the like. 
Other examples of polymers curable in the manner of 

this invention are such polymers as the well-known 
phenoplasts (i.e., phenol-formaldehyde condensates) 
which may be cured using such catalytic curing agents 
(i.e., accelerators) as calcium oxide and/or magnesium 
oxide, and the well-known aminoplasts, (i.e., urea- and 
melamine-formaldehyde condensates) which may be 
cured by using such curing agents as benzoic acid, 
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8 
phthalic anhydride, chloroacetamide, tetrachloroph 
thalic anhydride, triethanolamine hydrochloride, and 
peracid salts, e.g., guanadine persulfate. Vulcanizable 
rubbers generally and polysul?de rubber formulations 
more speci?cally may also be cured by this invention, 
the latter using stearic acid (i.e., used to develop full 
cures) or p-quinone dioxime mixed with zinc oxide as a 
curing agent. Such polysul?de rubbers also include the 
Thiokols, which have rubber-like properties. Other 
examples include the well-known silicone polymers 
represented by the formula: 

Such polymers may be cured, although only over an 
extended period of time, with benzoyl peroxide. 

All of the above polymers, as well as their prepara 
tion, are well-known in the art. For purposes of this 
invention, any of the well-known preparation processes 
may be used, provided that such a process does notin 
and of itself cure the polymer, but rather provides a 
curable material. 
A preferred group of curable polymers for the pur 

poses of this invention, and one which has proven ex 
tremely useful in the area of adhesive bonding, is that 
group of polymers known as “epoxy resins.” Epoxy 
resins are generally characterized by the presence 
therein of an epoxy group, 

As already alluded to hereinabove, epoxy resins are 
usually made by reacting epichlorohydrin with Bisphe 
1101 A (4,4'-isopropylidenediphenol) in a well-known 
manner to produce an epoxy resin when cured. Various 
subsitutes for the hydrin and bisphenol have recently 
been developed which can be used to achieve epoxy 
resins having varying properties. Epoxy resins may also 
exist as epoxy resin systems in that they may have vari 
ous additives mixed therewith, such as other resins, 
plasticizers, modi?ers, ?llers, etc. All of these resins 
may be said to be generally applicable for use in this 
invention. 

Excellent discussions of epoxy resins, their prepara 
tion, modi?cation and uses may be found in Schild 
knecht, POLYMER PROCESSES, Volume X, Chapter 
X, Interscience Publishers, Inc., New York (1956) and 
Kirk-Othmer, ENCYCLOPEDIA OF CHEMICAL 
TECHNOLOGY, Second Edition, Volume 8, pages 
294-312, Interscience Publishers, ‘Inc., New York 
(1956). 
Although these resins are useful in the areas of coat 

ing and protective laminating on various structures such 
as home appliances and the like, and thus may be cured 
in the manner of this invention as hereinbefore de 
scribed with respect to coated curable polymers gener 
ally, these resins are used most preferably in this inven 
tion to form a unique adhesive bonding system and 
technique. 
The adhesive bonding system contemplated by this 

invention comprises a microporous polymeric ?lm con 
taining a plurality of discrete, open voids made as de 
scribed above from any of the polymeric materials here 
inabove described. Within these voids, there is located a 
curing agent, as de?ned above, for an epoxy resin or 
epoxy resin system. This bonding system also includes 
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an epoxy resin (or epoxy resin system) which when 
brought into contact with the microporous polymeric 
?lm will be cured by the curing agent and form an 
adhesive bond. 
The FIGURE I represents one form of this unique 

bonding system. In this FIGURE, there is illustrated 
two glass substrates, such as ordinary soda-lime glass 
plates, bonded together by a curable epoxy resin in 
contact with microporous ?lm, where the microporous 
?lm is made by the thermoplastic extraction process as 
above described. Discrete, open voids 2 are ?lled or 
charged with an appropriate curing agent 4. The cur 
able epoxy resin, in paste or spreadable form, tends to 
migrate or ?ow into the voids 2 as illustrated at 6 and 
come into intimate contact with curing agent 4 to thus 
be cured and form a strong adhesive bond between the 
glass substrates. ‘ 

Although it is most preferable to use a microporous 
?lm formed of an epoxy resin system in order to achieve 
maximum bonding strength, such is not absolutely nec 
essary since epoxy resins when cured usually form 
strong adhesive bonds with other polymeric porous 
materials as well. Thus, the microporous ?lm may be 
made by any of the techniques described above using 
the various natural and synthetic polymers well known 
in the art. 

Since an adhesive bonding system is only as good as 
its weakest bond, when using microporous polymeric 
?lms other than epoxy resins, and especially polymeric 
?lms which do not bond well to the substrate upon 
which the ?lm is located, the ?lm need not be spread 
over the entire surface of the substrate. In this embodi 
ment, the ?lm, charged with a catalyst curing agent, is 
spread as a thin strip on a relatively small area of the 
substrate, such that when the ?lm is contacted with the 
curable epoxy resin system, the system will flow around 
the strip and contact a part of the substrate. Thus, when 
the epoxy system is cured, a substrate-epoxy-substrate 
bond is formed as in the FIGURE without the interven 
tion of another polymer which effects a weaker adhe 
sive bond. 
Adhesive epoxy resins systems applicable for use in 

this invention are well-known in the art. They include 
both heat-curing therrnosetting and cold-setting sys 
tems. An example of a cold-setting epoxy resins system 
is found in‘U.S. Pat. No. 2,548,447. Basically this system 
comprises a spreadable ?uid solution of glycidyl ether 
(epoxy resin) formed by reacting epichlorohydrin with 
a dihydric phenol, such as Bisphenol A and the like, in 
admixture with a fluidizing proportion of a normally 
liquid, cyano-substituted hydrocarbon, such as acetoni~ 
trile. Curing agents for this system include triethylam 
ine, ethylenediamine, diethylamine, diethylenetriamine, 
triethylenetetramine, 2,4-diamino-2-methylpentane (di 
acetone diamine), dicyandiamide, melamine and pyri 
dine. 
For the purposes of this invention, these curing 

agents would be ?rst located within a microporous ?lm 
by techniques hereinbefore described and .the ?lm 
would then be brought into contact with the epoxy 
resins system. > 

Other examples of cold-setting epoxy systems which 
may be adapted in the same manner as the above 
described system so as to be usable in this invention are 
those systems found in US. Pat. Nos. 2,528,932 and 
2,528,934. 
An example of a thermosetting epoxy resin system 

which may be used in this invention is found in US. Pat. 
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No. 2,500,449. Basically, this patent discloses the curing 
of a glycidyl ether of bis(4-hydroxyphenyl)-2,2-propane 
having a 1,2-epoxy equivalency greater than one at 
temperatures of about 150° C. with oxalic acid as a 
curing agent. For purposes of this invention, the oxalic 
acid is charged in solution form into the voids of a 
microporous ?lm whereinafter the epoxy resin is 
brought into contact with the ?lm and heated to cure. 
The actual mechanics of bonding two substrates to 

gether generally comprises ?rst forming on one of the 
substrates a microporous ?lm as hereinabove described, 
then ?lling the voids of the film with an appropriate 
curing agent for an epoxy resin system as brushing, 
dipping, or spraying the curing agent onto and into the 
?lm. Next, a layer of a curable but uncured epoxy resin 
system is provided between the charged ?lm and the 
other substrate. This may be done by spreading the 
epoxy resin onto either the ?lm or the other substrate. 
In the former instance, the substrate must be quickly 
brought into contact with the resin so that the resin is 
not substantially cured prior to contact. The latter in 
stance, wherein the epoxy and curing agent are sepa 
rated, is preferred since time is not of the essence. In 
either instance, it is always preferable to spread the 
epoxy as thin as possible while still effecting an accept 
ably strong bond upon curing. This is done not only for 
economy, but to provide a proper or necessary ratio of 
curing agent to epoxy resin. Such a ratio becomes im 
portant when using coupling or additive curing agents 
rather than catalytic curing agents (i.e., accelerators). It 
is, of course, understood that the thickness of epoxy and 
amount of curing agent may be routinely varied to meet 
the requirements of a given adhesive system. Generally 
speaking, however, epoxy thicknesses of less than 2.0 
millimeters and preferably less than 1.0 millimeter are 
found useful for producing adequately strong bonds 
between most substrates. 
The following examples which are presented to de 

pict the best modes contemplated for carrying out the 
above-described invention are provided for illustrative 
purposes and not as limitations upon the scope of this 
invention. In these examples, all parts are by weight 
unless otherwise speci?ed. 

EXAMPLE I 

A butylated melamine-formaldehyde resin was pre 
pared by admixing 1000 parts of a butyl alcohol solution 
of formaldehyde (40 percent formaldehyde) and 705 
parts of butanol. The acid number of this charge was 
adjusted to from about 0.25 to 0.29 and there were then 
added 340 parts of melamine. The charge was heated at 
between about 210° F. and 225° F. for 9 hours and there 
was then added 8 parts of sodium carbonate and 41 parts 
of butanol. The mixture was then heated to distill the 
butanol. The reaction mixture is diluted with suf?cient 
xylene and butanol to give a solution comprising 50 
percent solids, the solvent comprising a 1:1 mixture of 
xylene and butanol. The butylated melamine-formalde 
hyde resin in the solution contains a mole ratio of mela 
mine: formaldehydezbutanol of 1.l:5.5:6.0. 
A composition was prepared by mixing 60.0 parts of 

a solution of an acrylic interpolymer obtained by copo 
lymerizing a mixture comprising 30 percent styrene, 30 
percent 2-ethy1hexyl acrylate, 18 percent methyl meth 
acrylate, 11 percent butyl methacrylate, 4 percent hy 
droxyethyl methacrylate, 4 percent hydroxypropyl 
methacrylate and 3 percent methacrylic acid, one third 
of the methacrylic acid being previously reacted with 



4,202,926 
it]. 

ethylenimine. The solution of the interpolymer com 
prised 60 percent solids and 40 percent of a solvent 
composed of 15 percent butanol, 62 percent toluene and 
23 percent xylene. To the mixture of the two resins 
there were added 70.0 parts of a solution comprising 50 
percent xylene and 50 percent of a thermoplastic acry 
late copolymer obtained by copolymerizing 10 percent 
butyl glycidyl fumarate, 45 percent 2-ethylhexyl acry 
late and 45 percent methyl 'methacrylate. The resulting 
mixture was sprayed onto a steel panel, the panel was 
air dried for % hour and then baked at 325° F. for Q hour 
to cure the thermosetting resin composition. A translu 
cent ?lm was thus obtained, which is cooled to room 
temperature and then immersed in sylene for 2 minutes 
to extract the minute, discrete particles of the thermo~ 
plastic resin from the thermoset resin ‘matrix. After 
evaporation of the xylene from the ?lm, an opaque, 
microporous ?lm was obtained. 

Several panels containing a microporous ?lm de 
scribed hereinabove were soaked by dipping in solu 
tions of methyl ethyl ketone peroxide of the following 
concentrations: (diluted by taking 60 percent methyl 
ethyl ketone peroxide in dimethyl maleate). Three solu 
tions were made as follows: 

(A) 10 parts methyl ethyl ketone peroxide in 90 parts 
xylene ' 

(B) 20 parts methyl ethyl ketone peroxide in 80 parts 
xylene 

(C) 10 parts methyl ethyl ketone peroxide in 10 parts 
xylene. . 

After withdrawing the panels which were soaked in 
each of these solutions, the panels having a microporous 
?lm thereon were then charged with a methyl ethyl 
ketone peroxide and permitted to dry. Then a curable 
oil-free alkyd resin was applied to these charged micro 
porous ?lms by means of a draw-down bar, and the 
?lms so provided were allowed to dry at room tempera 
ture. The approximate drying times in order to provide 
a tack-free ?lm were as follows: 

(A) 1 hour 
(B) 30 minutes 
(C) 20 minutes 

The ?lms so provided had a pleasing, non-glossy ap 
pearance. 
The curable polymer employed hereinabove was an 

unsaturated alkyd resin comprised of the following 
components: 65 parts of a reaction product comprising 
3 moles of phthalic anhydride, 2 moles of maleic anhy 
dride, 4.1 moles of propylene glycol, 1.4 moles of dieth 
ylene glycol, 35 parts styrene, 0.012 part of hydroqui 
none, 0.05 part of paraf?n wax, and 0.21 part of cobalt 
octoate. 

It will be noted that the unsaturated alkyd resin may 
first be applied to a glass substrate or the like and then 
brought in contact with the charged microporous, poly 
meric ?lm to provide a system similar to that repre 
sented in the drawing. 

EXAMPLE II 

In this Example, a microporous ?lm was charged 
with toluene diisocyanate and employed to cure an 
acrylic polyamine resin. The microporous ?lm was 
prepared from a composition comprising a mixture of 
9.0 parts of a solution of butylated melamine-formalde 
hyde resin prepared as described in Example I, 10.5 
parts of a solution of a carboxylic acid amide interpoly 
mer, said interpolyrner comprising a copolymer of 20 
percent N-butoxy-methacrylamide, 2 percent acrylic 
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acid and 78 percent styrene (50 percent solids in a sol 
vent mixture comprising 23 percent xylene, ll percent 
butanol and 66 percent Solvesso 150), and 10.5 parts of 
a solution of a thermoplastic resin prepared as described 
in Example I. The composition was coated onto steel 
panels and the panels baked at 325° F. for 30 minutes, 
cooled, immersed in xylene for two minutes and dried. 
Opaque white ?lms were obtained. 
A panel containing the microporus ?lm described 

hereinabove may be treated by soaking the panel in a 50 
percent solution of toluene diisocyanate in xylene. After 
soaking for a sufficient lenghth of time, in order that the 
microvoids become charged with the toluene diisocya 
nate solution, the panel was then withdrawn and per 
mitted to dry. Subsequently, an acrylic polyamine resin 
(described hereinbelow) is drawn down on top of this 
charged microporous ?lm and the resulting system 
baked at 350° F. for ?ve minutes. The resulting system 
was tack free and had a pleasing appearance. 
The acrylic polyamine resin employed hereinabove 

had a 50 percent solids content reduced in Pentoxone 
and was comprised of the following components: 

230.4 parts methacrylic acid 
1008.0 parts methylmethacrylate 
892.8 parts butyl methaorylate 
748.8 parts Z-ethylhexyl acrylate 
300.0 parts N-hydroxyethyl ethylenimine. 

EXAMPLE III 

In this Example, a microporous ?lm was charged 
with zinc chloride to cure a difunctional unsaturated 
cyclic ether in the following manner: 
A panel containing a microporous ?lm was prepared 

as follows: A butylated urea-formaldehyde resin was 
prepared by ?rst forming a reaction mixture comprising 
one mole of urea and 2.22 moles of formaldehyde as a 40 
percent solution in butanol. This solution usually com 
prises about 50 percent of reactants considered as solids 
in the butyl alcohol. The mixture is re?uxed at a pH of 
8.5 for about one hour. The solution is then acidi?ed to 
a pH in the range of about 3.5 to 4 and re?uxing is 
further continued until a temperature of 229° F. is 
reached. Subsequently, butanol is distilled off until a 
temperature of 250° F. is attained, at which point the 
heat is shut off. The mixture is cooled and thinned with 
xylene to a 50 percent concentration, at which point the 
solvent system comprises about equal parts of butanol 
and xylene and the Gardner-Holdt viscosity is about X. 
The acid value is usually approximately 0.5. The resul 
tant resin solution contains adequate 

groups to crosslink a hydroxyl-containing resin. 
To 12.0 parts of the butylated urea-formaldehyde 

resin solution prepared as described above there were 
added 12.0 parts of the solution of acrylic interpolymer 
described in Example I and 6.0 parts of a solution com 
prising 53 percent of xylene and 47 percent of a thermo 
plastic resin obtained by copolymerizing a monomer 
mixture comprising 50 percent methyl methacrylate, 40 
percent 2-ethylhexyl acrylate and 10 percent dibutyl 
fumarate. The composition was thoroughly admixed 
and coated onto plain metal panels. The coated panels 
were flash dried for 5 hour, cooled, immersed in xylene 

a 
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for two minutes and dried. The ?lms on the panels were 
white and opaque and not soluble in xylene. 

This microporous ?lm may then be charged by soak 
ing the panel in a zinc chloride solution (50 percent in 
ethanol). The panel may be simply‘ immersed in the 
solution and withdrawn after a period of time and per 
mitted to dry. Because of the viscosity of the zinc chlo 
ride solution, it may be desirable to dilute the solution 
by employing small amounts of methanol. This will 
provide for faster drying when the panel is withdrawn 
from the zinc chloride solution. A 3 mil thick ?lm of an 
unsaturated cyclic ether (described hereinbelow) may 
be applied to the charged microporous ?lm and baked 
at 350° F. for about one-half hour. Although there may - 
be some imperfections in the ce'ior, this system gener 
ally provides for a tough, strongly-bonded composition. 
The unsaturated cyclic ether employed hereinabove 

is [3,4-dihydro-2H-pyran-2-methyl(3,4-dihydro-2H 
pyran-2-carboxylate)] andrnay be preparedv by reacting 
acrolein dimer (2200 parts) in the presence of 11.25 
parts of aluminum isopropoxide, which is dissolved in 
22.5 milliliters of carbon tetrachloride. For a more com 
plete description of the preparation of this type of vinyl 
ether, see U.S. Pat. No. 2,537,921, Example I in Column 
10. 

EXAMPLE IV 

In this Example, an adhesive bonding system was 
prepared by providing two substrates, each having 
thereon a microporous polymeric ?lm containing dis 
crete, open voids having located therein a curing agent 
for an epoxy resin system. An epoxy resin was applied 
on one of the charged ?lms, then the second substrate is 
contacted with the ?rst in such a manner that epoxy 
resin is sandwiched between and contacted with each of 
the charged substrates, and subsequently cured. 
A panel containing a microporous ?lm was prepared 

as follows: 100 parts of‘a 50 percent solids solution of 
Epon 1007 (a Bisphenol A type glycidyl ether resin— 
Shell Chemical Company) in acetone was mixed with 
36 parts of a 60 percent solids solution of Uformite 
F-240 (a urea-formaldehyde resin-Rohm & Haas Co.). 
To the resulting mixture there was then added 7 parts of 
a 10 percent catalyst solution (Polycat 200, N-cyclohex 
ylsulfamic acid) and 15 parts of hexane and the mixture 
stirred with a high speed agitator. The mixture was then 
applied onto steel panels, allowed to dry for about .2 
hours ‘at room temperature, and then baked for one 
minute at 310° F. 
The resulting panels with microporous ?lms thereon 

were then charged with diethylenetriamine, a curing 
agent for epoxy resins, by immersing them into a 50 
percent solution of this amine in ethanol, wiping the 
?lm surfaces clean and allowing them to dry. A two mil 
?lm of a liquid epoxy resin (Epon 828——a reaction prod 
uct of epichlorohydrin and Bisphenol A) was applied to 
one of the steel panels and the ?lm was then covered 
with another panel also having thereon a charged mi 
croporous ?lm. The resulting assembly composed of 
two charged microporous ?lms on panels and a ?lm of 
the epoxy resin between them was then allowed to cure 
at room temperature for about 24 hours. At the end of 
this time a strong adhesive bond was developed be 
tween the two panels. Curing of this epoxy adhesive 
system may be accelerated by heating the assembly 
above room temperature, for example at 300° F. for 15 
minutes. 
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It is understood that other resins may be employed to 

form the microporous polymeric ?lms herein. For ex 
ample, thermosetting resinswhich may be used in the 
practice of this invention are admixtures of interpoly 
mers of hydroxyl esters of ethylenically unsaturated 
acids with at least one other copolymerizable, ethyleni 
cally-unsaturated monomer and a crosslinking agent 
such as an aminoplast resin. Likewise, admixtures of 
alkyd resins and crosslinking agents therefor, such as 
aminoplast resins, may be employed. Generally, alkyd 
resins are obtained by the condensation of a polyhydric 
alcohol and a polycarboxylic acid. Thermosetting resin 
compositions comprising mixtures of an interpolyrner of 
a hydroxyalkyl ester and an aminoplast resin, such as 
those described in US. Pat. No. 2,681,897, may readily 

, be employed. Another group of thermosetting resins 
which may be used are carboxylic acid amide interpoly 
mers of the type disclosed in US. Pat. Nos. 3,037,963 
and 3,118,853. 

It is also understood that various other types of cur 
ing agents can be employed in the manner of the forego 
ing examples. These include tertiary amines, amine ad 
ducts, acid anhydrides, condensation products of phe 
nol, urea and the like, as well as complexes of boron 
trifluoride, monoethylamine, and the like. 
Other curable polymers useful as described in the 

examples include phenylplast, silicon polymers, epoxy 
resins, and the like. 

Thus, it is understood that various other systems and 
compositions may be prepared without departing from 
the spirit and the scope of this invention. Therefore, the 
only such limitations which should be imposed are 
those indicated in the appended claims. 

I claim: 
1. A polymeric ?lm containing a plurality of open, 

discrete voids, said voids having located therein a poly 
mer curing agent. 

2. A polymeric ?lm according to claim 1 wherein the 
polymeric material is selected from the class consisting 
of a butylated melamine-formaldehyde resin, an oil-free 
alkyd resin, an acrylic polyamine resin, an unsaturated 
cyclic ether resin and an epoxy resin. 

3. A polymeric ?lm according to claim 1 wherein said 
curing agent is a curing agent for epoxy resins. 

4. A polymeric ?lm according to claim 3 wherein said 
curing agent is selected from the group consisting of 
aliphatic amines, aromatic amines, polyamides, tertiary 
amines, and amine adducts. 

5. A polymeric ?lm according to claim 3 wherein said 
curing agent is selected from the group consisting of 
acids, acid anhydrides, ketone ‘peroxides, diisocyanates, 
and zinc chloride. 

6. A polymeric ?lm according to claim 3 wherein said 
curing agent is an aldehyde condensation product. 

7. A polymeric ?lm according to claim 3 wherein said 
curing agent is a Lewis acid catalyst. 

8. An adhesive bonding system comprising: 
(A) a microporous polymeric ?lm containing a plu 

rality of discrete, open voids having located therein 
a curing agent for an epoxy resin system; and 

(B) an epoxy resin system which when brought into 
contact with said ?lm will be cured by said curing 
agent and form an adhesive bond. 

9. An adhesive bonding system according to claim 8 
wherein said microporous polymeric ?lm comprises an 
epoxy resin. 


